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Abstract – When data is transmitted by encoding it in the amplitude of the transmitted signal, such as in 
Amplitude Shift Keying, the receiver makes a decision on the transmitted data by observing the amplitude of the 
received signal. Depending on the level of the received signal, the receiver has to decode the received data, with 
minimum probability of error. For binary transmission, this is achieved by choosing a decision threshold. A 
threshold detection mechanism is evaluated in this paper, which uses parametric probability distribution fitting 
to the received signal. Based on our earlier work on visible light communication, the idea is extended to a fiber 
optic channel and it is found that in a fiber optic channel, the threshold value obtained by fitting a Rayleigh 
distribution to the received data results in error probability approaching zero. 
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1. INTRODUCTION 
Mobile wireless technologies and their applications have continued to evolve and grow at a 
rapid pace. The demand for high data rates and the requirement of high spectral efficiency 
has led to the development of several new technologies, which are not just competing but also 
complementing each other. In systems where information is encoded in the amplitude of the 
transmitted signal using modulation schemes such as Amplitude Shift Keying (ASK), On-
Off-Keying (OOK) and quadrature amplitude modulation (QAM), the demodulator is 
required to detect the amplitude and make a decision on the received symbol, by comparing 
the detected amplitude level with some threshold(s). The threshold is usually chosen based on 
the separation between the amplitude levels representing each bit (0 and 1) and the apriori 
probability of each bit, p0 and p1 respectively. If the zeros and ones are equally likely, i.e. p0 
= p1 = 0.5, the optimum threshold value lies midway between the two voltage levels. If the 
apriori probabilities of 0 and 1 are not equal, then the optimum threshold value is closer to the 
voltage level representing the symbol whose apriori probability is smaller. The receiver 
therefore needs to know the voltage level used to represent each symbol, the voltage 
separation between the different symbols as well as their apriori probabilities, in order to 
choose the optimum threshold, in the sense that it minimizes the probability of error. A 
threshold detection mechanism based on parametric distribution fitting, in which no prior 
information is required at the receiver is found to work well over optical wireless channels 
using visible light communication (VLC), when there is a dominant line of sight (LoS) path 
between the transmitter and receiver. In the VLC system, an appropriate threshold is obtained 
by fitting the Rician distribution to the signal level sensed by the photo-receiver [1]. In this 
paper, threshold detection based on parametric distribution fitting is evaluated for 
communication over a fiber optic channel. Since there are significant differences between the 
propagation characteristics of a fiber optic channel and optical wireless channel, the 
distribution which best models the received signal over a fiber optic channel is different from 
the Rician distribution. The received signal level at the receiver depends on several factors, 
such as the transmitted signal level, channel attenuation and fading. For digital 
communication using Amplitude Shift Keying (ASK), the detection rule at the receiver is:  
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where,  ̂ is the detected value of the transmitted bit ‘x’, ‘y’ is the received signal level and τ is 
a threshold based on which  ̂ is obtained. There will be no errors if the detected bit equals the 
transmitted bit i.e.  ̂   . In practical communication systems, due to channel impairments 
and signal losses, errors occur in the detected bits and it is necessary to minimize the 
probability of error at the receiver. The received signal level varies as a function of the 
amount of separation between transmitter and receiver due to signal attenuation and fading 
due to multipath propagation, which causes a variation in the received signal. In such a 
scenario, the decision threshold needs to be dynamically adapted in order to minimize error 
probability. In [2, 3], an adaptive bit detection threshold is calculated by taking the mean of 
the signal level corresponding to the reception of ‘1’ and ‘0’ respectively. Such a scheme is 
works well if the apriori probability of transmitting 1 and 0 is equal. The method proposed in 
this paper for estimating the decision threshold is found to yield error probability approaching 
zero for both equal and unequal apriori probabilities. In [4], an adaptive threshold detection 
mechanism is shown to outperform fixed threshold detection and in [5], a threshold detection 
scheme based on Gaussian approximation has been proposed for optical code division 
multiple access (O-CDMA) systems. An adaptive log-likelihood ratio (LRT) test threshold 
detection based on Kalman filtering has been presented in [6]. In this paper, we present a 
method based on ‘distribution fitting’ using empirical data, to calculate the threshold which 
can be dynamically adapted without apriori information. The rest of the paper is organized as 
follows. In section 2, the threshold estimation procedure based on Rayleigh distribution 
fitting is discussed. The characteristics of the light source (transmitter) and photo-sensor 
(receiver) are described in section 3.In section 4, the characteristics of fiber optic channel are 
presented. Discussion of results is presented in section 5 and conclusions and future work are 
discussed in section 6. 
2. THRESHOLD ESTIMATION 
In a fiber optic communication system, the signal strength at the receiver depends on the 
wavelength and brightness of the transmitter, length of fiber optic channel and wavelength of 
maximum sensitivity of the receiver. The photo-detector converts the received optical signal 
into a corresponding electrical signal, which is its photocurrent which results in a 
proportionate photo-voltage ‘y’. The probability distribution of ‘y’ is affected when any of the 
above mentioned parameters are altered. It is therefore necessary to adapt the decision 
threshold τ in order to minimize decision errors. Although a fiber optic channel is immune to 
external interference, it does suffer from attenuation and time dispersion. The main cause of 
attenuation is scattering which also results in time dispersion. The scattering characteristic of 
a light wave propagating through an optical fiber has a Rayleigh distribution [7]. Light 
traverses a fiber by the process of total internal reflection and there is no direct line of sight 
component. This is in contrast to a VLC channel which has a LoS component. Hence the 
distribution of 'y' over a fiber optic channel follows a Rayleigh distribution which is a special 
case of Rician distribution defined as [8].  
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Where I0(.) is the modified Bessel function of the first kind and order zero, and ‘s’ is the non-
centrality parameter which arises due to the presence of dominant LOS multipath component 
and s ≥ 0. In the absence of a dominant LOS component, as in fiber optic channel, the non-
centrality parameter ‘s’ for the Rician distribution equals zero and Rician distribution reduces 
to a Rayleigh distribution defined as 
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Where, σ is the scale parameter of the Rayleigh distribution. In this paper, we fit distributions 
to the vector ‘y’ and the Rayleigh distribution is found to provide the best fit. The decision 
threshold for binary decision is obtained using the Rayleigh scale parameter as 
                          (4) 
 
where,   is a factor used to optimize the threshold. It is empirically determined that τ = σ +   
is a suitable threshold for binary detection over a fiber optic channel. The scale parameter ‘σ’ 
is calculated as the maximum likelihood estimate (MLE) of a Rayleigh distribution that 
provides the best statistical model for the vector ‘y’. Variations in the received optical signal 
intensity are incorporated in equation 4 as the value of ‘σ’ depends on the values of ‘y’. The 
MLE of Rayleigh scale parameter is given as [9].  
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Threshold τ is estimated by first computing ‘σ’ and adding   to ‘σ’. 
3. TRANSMITTER AND RECEIVER CHARACTERISTICS 
The light source used in this work, which acts as transmitter is a plastic fiber optic (PFO) red 
LED IF-E96. It has a narrow spectral range from 650 – 670 nm, with peak output typically 
around 660 nm [10]. This is one of the optimum transmission bands for plastic optical fiber 
used in this work as its attenuation is lowest for wavelengths around 650 nm. The light source 
is controlled using a micro-controller interfaced switch and is modulated using ASK. The 
transmitted data is represented by different intensity level of the LED which is controlled by 
adjusting the duty cycle of a pulse width modulation (PWM) signal, which is also used to 
control the level separation between ‘1’ and ‘0’. The photo-receiver used in this work is a 
LPT80A photo-transistor. While photo-diodes have a faster response time (ns) as compared 
to photo-transistors (µs), the choice of photo-transistor over photo-diode is made due to its 
higher gain which simplifies the receiver design. The higher gain of a photo-transistor 
obviates the need for an amplifier in the receiver. It is a compromise between speed and 
complexity. The LPT80A has an operational wavelength range from 430 nm to 1070 nm with 
maximum sensitivity at a wavelength of 850 nm. The relative sensitivity of the photo-receiver 
at 650 - 660 nm is around 60% of its peak sensitivity [11]. The photo-receiver is also 
interfaced using a microcontroller to detect its photo-voltage ‘y’, based on which the received 
bits are detected. 
 
 4. FIBER OPTIC CHANNEL CHARACTERISTICS 
Fiber core is usually made of glass or plastic and classified as single mode (<10 µm core 
diameter) or multimode (25 - 2000 µm) fibers. The fiber optic cable used is a graded index 
plastic core multimode fiber having a diameter of 1000 µm. The attenuation characteristics of 
the fiber used in this work is such that 650 nm is an optimum transmission band [12]. 
Attenuation and time dispersion are less severe in multimode graded index fiber as compared 
to single mode step index or multimode step index fibers [6]. 
The attenuation of this fiber is relatively high compared to the state of the art and hence it is 
suitable only for low rate, short distance applications. It is still chosen due to its low cost and 
acceptable performance, which suffice the purposes of this study. A fiber optic channel is 
immune to electromagnetic and radio frequency interference. However, it suffers from 
attenuation, which is the decay of light as it propagates through the fiber core and represented 
in terms of dB/km. In contrast, a VLC channel suffers from multipath dispersion due to 
multiple reflections from objects in the vicinity of the transmitter and receiver as well 
ambient light, in addition to attenuation [13]. Fiber attenuation is of two types - intrinsic and 
extrinsic. Intrinsic attenuation is caused due to impurities or imperfections in the fiber 
manufacturing process. Extrinsic attenuation is caused mainly due to bends and splices 
(joints) in the fiber. In this work, a single short, straight length of fiber is used and hence 
extrinsic attenuation is considered negligible. Intrinsic attenuation comprises of two 
components - absorption of light by the impurity present in the fiber and scattering of light 
due to collisions between the light particles and molecules of the fiber material - called as 
Rayleigh scattering [6]. When light scatters, depending on the angle of incidence the 
scattered path may propagate forward through the fiber core, in which case there is no 
attenuation or refract out of the fiber core, causing attenuation. Attenuation due to absorption 
contributes less than 5% of the total attenuation while the bulk of attenuation (more than 
95%) is caused due to scattering. Scattering and hence attenuation also depends on the 
wavelength of light traveling through the fiber. Another form of distortion in an optical fiber 
is chromatic dispersion. The effects of chromatic dispersion are more severe at higher data 
rates (when the transmitted pulses are narrower) and result in high error rate[6]. In evaluating 
the proposed threshold detection mechanism in this work, a narrowband light source is used 
with relatively lower data rate over a short length of optical fiber (2 m). Hence, chromatic 
dispersion can also be considered negligible. 
5. RESULTS AND DISCUSSION 
In this paper, threshold estimation based on parametric distribution fitting for binary 
transmission over fiber optic channel is investigated. Light traverses a fiber optic channel by 
total internal reflection and the received signal has no direct LoS component. The received 
signal is therefore expected to follow Rayleigh distribution. Distribution fitting based on 
Rayleigh distribution is applied to the vector of detected signal levels using maximum 
likelihood (ML) technique. The ML technique maximizes the likelihood of the distribution 
parameters to model the observed data [14, 15], which are the detected levels by the photo-
receiver. Bayesian information criterion [16] is used to determine the goodness of fit of the 
hypothesized probability distribution. A detailed analytical description of distribution fitting 
is described in [1]. The scale parameter ‘σ’ of the corresponding Rayleigh distribution is used 
to calculate the decision threshold as described in section 2. The channel impairments taken 
into consideration are attenuation and Rayleigh scattering.  
Results are evaluated for different amounts of separation between the intensity levels used to 
represent '0' and '1' and for different apriori probabilities p0 and p1 corresponding to '0'  and '1' 
respectively. It is shown that the threshold obtained using the method described in this work 
yields error probability approaching zero, when the light intensity levels representing '0' and 
'1' are spaced sufficiently apart. Figure 1 shows the histograms of the received signal 'y' for 
equiprobable0's and 1's with a separation of 50 between the intensity levels for '0' and '1'and 
threshold corresponding to ϵ = 0 (1a) ϵ = 10 (1b), ϵ = 15 (1c) and ϵ = 20 (1d).  It is noted from 
figure 1 that the threshold obtained by parametric distribution fitting can be fine-tuned by 
adjusting the value of ϵ in order to minimize the error probability. The effect of ϵ on error 
probability is more pronounced when the level separation is small. 
 
 
Fig. 1 Histogram of received signal for p0=p1=0.5, level separation = 50 with error probability for different 
thresholds τ. (1a) ϵ = 0, (1b) ϵ = 10, (1c) ϵ = 15 and (1d) ϵ = 20 
When the level separation between 0's and 1's is increased, the effect of the value of ϵ is 
relatively small on the error probability as can be observed from figure 2 in which the level 
separation is equal to 70. In figure 3, the histograms and threshold corresponding to unequal 
apriori probabilities p0 and p1 are shown and it can be observed that the threshold obtained 
using the proposed method results in small bit error probability. Figures 3 (a), (b) and (c) 
(1d) 
(1a) (1b) 
(1c) 
represent the case for p0 = 0.1 and p1 = 0.9 with ϵ = 0, 5 and 10 respectively. Figures 3 (d), (e) 
and (f) represent the case for p0 = 0.7 and p1 = 0.3 with ϵ = 0, 10 and 20 respectively. From 
figures 1, 2 and 3, it can be concluded that the proposed threshold detection method can be 
used for 'equal' as well as 'unequal' apriori probabilities of the transmitted symbols. By 
choosing an appropriate value of ϵ, the estimated threshold results in small bit error 
probability in each case. 
 
 
Fig. 2 Histogram of received signal for p0=p1=0.5, level separation = 70 with error probability for different 
thresholds τ. (2a) ϵ = 0, (2b) ϵ = 10, (2c) ϵ = 20 and (2d) ϵ = 25 
 The variation of BER as a function of level separation between 0 and 1 for three different 
apriori probabilities of the input binary data is shown in figure 4. While the threshold 
obtained using distribution fitting of the received signal level yields small BER for all 
combinations of apriori probabilities, the BER values, for a given level separation, are 
(2a) (2b) 
(2c) (2d) 
relatively lower when the binary 1's are more likely than the binary 0's. This is attributed to 
the fact that 1's are represented using higher intensity level than 0's, resulting in smaller error 
rate when there are more 1's. When 0's are more likely than 1's, it results in lower average 
signal to noise ratio since 0's are represented using lower intensity level, resulting in higher 
error rate.  
 
Fig. 3 Histogram of received signal for level separation = 50  (3a) p0= 0.1, ϵ = 0, (3b) p0= 0.1,  ϵ = 5, (3c) p0= 
0.1, ϵ = 10 and (3d) p0= 0.7, ϵ = 0, (3e) p0= 0.7, ϵ = 10, (3f) p0= 0.7, ϵ = 20, with error probability for different 
thresholds τ 
(3a) (3b) 
(3c) (3d) 
(3e) (3f) 
It must be noted here that the sources of noise taken into consideration are transmitter 
circuitry, receiver circuitry, transmitter LED, photo-receiver, and any imperfections in the 
optical fiber. The effects of external noise and extrinsic optical interference are not 
considered in this work. 
 
 
Fig. 4 BER vs level separation for different apriori probabilities 
6. CONCLUSIONS AND FUTURE WORK 
In this paper, a binary decision threshold calculation method based on fitting parametric 
distributions to the observed data, which was proposed in our earlier work [1] for visible light 
communication is adapted for communication over optical fiber. While in the VLC system, 
Rician distribution provided a suitable threshold, in fiber optic system, it is found that 
Rayleigh distribution provides the best fit to the received data and threshold is obtained based 
on the Rayleigh scale parameter 'σ' as defined in equation 4. The binary decision based on the 
obtained threshold results in small BER that approaches zero. When the level separation 
between the intensity levels representing 0's and 1's is sufficiently large, the Rayleigh scale 
parameter requires little adjustment. However, when the level separation is small, the scale 
parameter 'σ' requires adjustment which is achieved by adding a parameter ϵ to 'σ'.  It is found 
that the proposed threshold estimation method works well for both equal as well as unequal 
apriori probabilities of the binary symbols. The BER is marginally higher when the likelihood 
of 0's being transmitted is more, for a given level separation. The proposed method of 
threshold detection is adaptive when the apriori probabilities for 1’s and 0’s change. In future, 
it is planned to investigate the feasibility of the proposed method when external noise and 
interference are also included in the distortion introduced in the propagation medium. 
Further, threshold detection based on image processing applied to histogram images may be 
investigated using techniques similar to those in [17]. 
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